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1.  Introduction 


This  paper  documents  calibration  data  collected  at  building  507,  ALC/ALC  for  the  leaky  coaxial 
cable  used  as  a  transmitting  antenna  for  High- Altitude  Electromagnetic  Pulse  (HEMP)  testing. 
The  data  includes  both  low  frequency  and  high  frequency  measurements. 

The  procedure  for  collecting  this  data  is  somewhat  similar  to  the  method  previously  used  with 
conventional  HEMP  testing  for  two  separate  phases  of  capturing  data:  one  phase  for  low 
frequency  from  10  KHz  to  20  MHz,  and  the  other  for  high  frequency  from  20  MHz  to  1.0  GHz. 
For  each  phase,  two  different  sets  of  antenna  (one  for  transmitting  and  one  for  receiving)  were 
used  to  calibrate  and  collect  data.  On  the  other  hand,  for  this  novel  approach,  we  only  use  one  set 
of  leaky  coaxial  cable  as  transmitting  antenna  for  both  frequency  bands. 

For  low  frequency  band,  we  measured  two  different  orientations.  One  is  co-axial  direction;  the 
other  is  called  co-planer  orientation.  The  leaky  coaxial  cable  was  laid  on  the  top  of  a  wooden  rail 
as  shown  in  figure  1.  The  16  in  loop  antenna  was  set  at  three  different  separations:  6  ft,  8  ft,  and 
10  ft.  These  separations  were  measured  from  the  edge  of  the  cable  to  the  center  of  the  loop 
antenna. 

For  high  frequency  band,  we  measured,  again,  for  two  different  orientations.  One  is  for  high 
frequency  horizontal  direction;  and  the  other  for  high  frequency  vertical  orientation.  A  bi-logic 
antenna  was  used  to  collect  data  at  high  frequency  band.  Figure  1  depicts  an  experimental  setup 
in  building  507  with  the  bi-logic  antenna  as  a  receiver  antenna. 
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Figure  1.  Leaky  coaxial  cable  experimental  setup  with  a  bi-logic  antenna  (high  frequency). 


2.  Data  collection 


This  section  consists  of  descriptions  of  low  frequency  and  high  frequency  calibration  date.  The 
low  frequency  graphs  are  divided  into  three  separate  groups,  at  6  ft,  8  ft,  and  10  ft  separations. 
This  data  were  collected  with  a  HP  Network  Analyzer  (Model  3577B)  via  IEEE  488  bus  to  a 
laptop  computer.  The  high  frequency  data  were  collected  in  a  similar  manner  with  a  HP  Network 
Analyzer  (Model  8357B). 

For  each  separation,  we  measured  at  5  ft,  15  ft,  and  25  ft  from  the  transmitter  end  of  the  cable. 
The  purpose  of  these  set  of  data  is  to  use  them  in  the  future  HEMP  testing  at  confined  and  small 
areas  that  may  not  accessed  very  easily. 

Figures  2  to  36  show  data  for  three  different  ranges  with  three  different  separations.  Figures  2 
through  18  present  calibration  date  with  measured  at  the  low  frequency  band.  Figures  19  through 
36  present  calibration  date  measure  at  the  high  frequency  band.  The  numbers  of  each  title 
indicate  as  follows:  type  of  measurement  Abbreviations:  LF  (low  frequency),  HF  (high 
frequency),  CA  (co-axial),  and  CP  (co-planar);  the  first  number  is  the  separation  between  the 
leaky  coaxial  cable  and  the  loop  (for  low  frequency)  or  the  bi-logic  antenna  (for  high  frequency); 
the  second  number  is  the  distance  along  the  leaky  cable  measured  from  the  transmitted  end  of  the 
cable.  For  example,  the  title  of  figure  2  means:  Low  frequency  measurement,  co-axial 
orientation,  6  ft  separation,  at  5  ft  from  the  transmitted  end  of  the  leaky  cable. 
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LF  CA  6ft  at  5ft  leaky  cal 


Figure  2.  Low  frequency,  co-axial,  6  ft  separation,  at  5  ft  from  the  transmitted 
end  of  the  leaky  cable. 


Figure  3.  Low  frequency,  co-axial,  6  ft  separation,  at  15  ft  from  the  transmitted 
end  of  the  leaky  cable. 
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Figure  4.  Low  frequency,  co-axial,  6  ft  separation,  at  25  ft  from  the  transmitted 
end  of  the  leaky  cable. 
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Figure  5.  Low  frequency,  co-axial,  8  ft  separation,  at  5  ft  from  the  transmitted 
end  of  the  leaky  cable. 
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Figure  6.  Low  frequency,  co-axial,  8  ft  separation,  at  15  ft  from  the  transmitted 
end  of  the  leaky  cable. 


Figure  7.  Low  frequency,  co-axial,  8  ft  separation,  at  25  ft  from  the  transmitted 
end  of  the  leaky  cable. 
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Figure  8.  Low  frequency,  co-axial,  10  ft  separation,  at  5  ft  from  the  transmitted 
end  of  the  leaky  cable. 


Figure  9.  Low  frequency,  co-axial,  10  ft  separation,  at  15  ft  from  the  transmitted 
end  of  the  leaky  cable. 
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Figure  10.  Low  frequency,  co-planar,  6  ft  separation,  at  5  ft  from  the  transmitted 
end  of  the  leaky  cable. 
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Figure  11.  Low  frequency,  co-planar,  6  ft  separation,  at  15  ft  from  the  transmitted 
end  of  the  leaky  cable. 
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Figure  12.  Low  frequency,  co-planar,  6  ft  separation,  at  25  ft  from  the 
transmitted  end  of  the  leaky  cable. 


Figure  13.  Low  frequency,  co-planar,  8  ft  separation,  at  5  ft  from  the 
transmitted  end  of  the  leaky  cable. 
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Figure  14.  Low  frequency,  co-planar,  8  ft  separation,  at  15  ft  from  the 
transmitted  end  of  the  leaky  cable. 


Figure  15.  Low  frequency,  co-planar,  8  ft  separation,  at  25  ft  from  the 
transmitted  end  of  the  leaky  cable. 
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Figure  16.  Low  frequency,  co-planar,  10  ft  separation,  at  5  ft  from  the 
transmitted  end  of  the  leaky  cable. 


Figure  17.  Low  frequency,  co-planar,  10  ft  separation,  at  15  ft  from  the 
transmitted  end  of  the  leaky  cable. 
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Figure  18.  Low  frequency,  co-planar,  10  ft  separation,  at  25  ft  from  the 
transmitted  end  of  the  leaky  cable. 


Figure  19.  High  frequency,  horizontal  orientation,  6  ft  separation,  at  5  ft 
from  the  transmitted  end  of  the  leaky  cable 


11 


Figure  20.  High  frequency,  horizontal  orientation,  6  ft  separation,  at  15  ft 
from  the  transmitted  end  of  the  leaky  cable. 
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Figure  21.  High  frequency,  horizontal  orientation,  6  ft  separation,  at  25  ft 
from  the  transmitted  end  of  the  leaky  cable. 
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Figure  22.  High  frequency,  horizontal  orientation,  8  ft  separation,  at  5  ft 
from  the  transmitted  end  of  the  leaky  cable 
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Figure  24.  High  frequency,  horizontal  orientation,  8  ft  separation,  at  25  ft 
from  the  transmitted  end  of  the  leaky  cable. 
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Figure  26.  High  frequency,  horizontal  orientation,  10  ft  separation,  at  15  ft 
from  the  transmitted  end  of  the  leaky  cable. 


Figure  27.  High  frequency,  horizontal  orientation,  10  ft  separation,  at  25  ft 
from  the  transmitted  end  of  the  leaky  cable. 
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Figure  28.  High  frequency,  vertical  orientation,  6  ft  separation,  at  5  ft  from 
the  transmitted  end  of  the  leaky  cable. 


Figure  29.  High  frequency,  vertical  orientation,  6  ft  separation,  at  15  ft 
from  the  transmitted  end  of  the  leaky  cable. 
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Figure  30.  High  frequency,  vertical  orientation,  6  ft  separation,  at  25  ft 
from  the  transmitted  end  of  the  leaky  cable. 


Figure  31.  High  frequency,  vertical  orientation,  8  ft  separation,  at  5  ft  from 
the  transmitted  end  of  the  leaky  cable. 
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Figure  32.  High  frequency,  vertical  orientation,  8  ft  separation,  at  15  ft 
from  the  transmitted  end  of  the  leaky  cable. 


Figure  33.  High  frequency,  vertical  orientation,  8  ft  separation,  at  25  ft 
from  the  transmitted  end  of  the  leaky  cable. 
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Figure  34.  High  frequency,  vertical  orientation,  10  ft  separation,  at  5  ft 
from  the  transmitted  end  of  the  leaky  cable. 


Figure  35.  High  frequency,  vertical  orientation,  10  ft  separation,  at  15  ft 
from  the  transmitted  end  of  the  leaky  cable. 
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Figure  36.  High  frequency,  vertical  orientation,  10  ft  separation,  at  25  ft 
from  the  transmitted  end  of  the  leaky  cable. 


3.  Discussions 


Conventionally,  HEMP  testing  data  processing  comprises  four  sets  of  data  in  order  to  generate  a 
final  output.  Refer  to  (1 )  for  more  information  about  the  processing.  In  the  reference,  the  first  set 
of  data  is  reference  data,  the  second  data  set  is  attenuation  data,  the  third  set  of  data  is  the  noise 
measurement  for  a  particular  setting,  and  the  last  data  set  is  the  measurement  of  the  particular 
setting.  The  data  shown  in  this  report  are  sets  of  the  reference  data.  The  data  will  be  incorporated 
with  other  sets  of  data  to  generate  final  outputs  for  HEMP  shield  testing.  At  this  point,  these  data 
have  not  been  validated,  since  other  sets  of  data  have  not  yet  been  collected.  The  results  remain 
to  be  evaluated. 


4.  Summary 


The  data  shown  in  this  report  served  as  a  guideline  for  future  HEMP  testing.  A  complete 
comparison  of  this  data  set  with  previous  data  that  were  measured  with  the  conventional  HEMP 
testing  will  be  presented  at  the  Directed  Energy  Professional  Society  in  July  2008. 
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